Increasing evidence suggests that cortical astrocytic function is disrupted in mood disorders and suicide. The fine neuroanatomy of astrocytes, however, remains to be investigated in these psychiatric conditions. In this study, we performed a detailed morphometric analysis of 3D-reconstructed gray and white matter astrocytes in Golgi-impregnated anterior cingulate cortex (ACC) samples from depressed suicides and matched controls. Postmortem ACC samples (BA24) from 10 well-characterized depressed suicides and 10 matched sudden-death controls were obtained from the Quebec Suicide Brain Bank. Golgi-impregnated protoplasmic astrocytes (gray matter, layer VI) and fibrous astrocytes (adjacent white matter) were reconstructed, and their morphometric features were analyzed using the Neurolucida software. For each cell, the soma size as well as the number, length, and branching of processes were determined. The densities of thorny protrusions found along the processes of both astrocytic subtypes were also determined. Protoplasmic astrocytes showed no significant difference between groups for any of the quantified parameters. However, fibrous astrocytes had significantly larger cell bodies, as well as longer, more ramified processes in depressed suicides, with values for these parameters being about twice as high as those measured in controls. These results provide the first evidence of altered cortical astrocytic morphology in mood disorders. The presence of hypertrophic astrocytes in BA24 white matter is consistent with reports suggesting white matter alterations in depression, and provides further support to the neuroinflammatory theory of depression.
INTRODUCTION
Mood disorders affect more than 20 million adults per year in the United States alone (Kessler et al, 2005) . These often severe conditions result too frequently in suicide completion, with psychological autopsy studies indicating that at least 40% of all adult suicides have had a previous diagnosis of depression or bipolar disorder (BPD) (ArsenaultLapierre et al, 2004) . Furthermore, up to 15% of individuals with a lifetime diagnosis of major depressive disorder (MDD) (Chen and Dilsaver, 1996) and 50% of individuals with BPD have a history of attempted suicide (Jamison, 2000) .
In the search for biological factors underlying depression, neuroanatomical investigations of fronto-limbic cortical circuitries have suggested altered densities and distribution patterns of glial cells (Ongür et al, 1998; Rajkowska et al, 1999 ; reviewed by Cotter et al, 2001; Hercher et al, 2009b) , although other studies have not reached the same conclusions (Bouras et al, 2001; Hercher et al, 2009a) . Unfortunately, all of these studies are limited by the fact that they are based on a simple discrimination of neurons and glia according to differences in cresyl violet staining of the cytoplasm and nucleus, and thus cannot account for changes in specific glial cell subpopulations. Work focused on the specific astrocytic marker glial fibrillary acidic protein (GFAP) (Miguel-Hidalgo et al, 2000; Si et al, 2004) and on the excitatory amino-acid transporters (EAAT1-2) (Miguel-Hidalgo et al, 2010) has suggested that cortical astrocytic function may be perturbed in depression. Moreover, expression of the astrocyte-specific tropomyosinrelated kinase-B receptor (TrkB.1) isoform and of astrocyte connexins 30 and 43 was recently found to be downregulated, respectively, in the orbitofrontal cortex and the dorsolateral prefrontal cortex of suicide completers (Ernst et al, 2009 (Ernst et al, , 2011 . Taken together, these studies lend support to the hypothesis that communication within cortical astrocytic networks is affected in mood disorders, and are consistent with neuroimaging evidence indicating that both structure and function of fronto-limbic cortical areas are altered in mood disorders (Drevets et al, 2008) . Indeed, astrocytes provide crucial metabolic support to neuronal networks in the CNS (Allaman et al, 2010) , and their activity is a major determinant of fMRI signals (Prior et al, 2004; Schummers et al, 2008; Sibson et al, 2008) . Furthermore, it is now well established that astrocytes are directly involved in many facets of neuronal function, such as neurotransmission and neuroplasticity (Allaman et al, 2010; Araque, 2008; Auld and Robitaille, 2003; Fellin, 2009) . By assembling in syncytial networks through gap junctions, astrocytes are also well positioned to rapidly convey information within and between brain regions (Cornell-Bell and Finkbeiner, 1991; Goldberg et al, 2010) .
Largely on the basis of fine anatomical criteria, two main subtypes of cortical astrocytes have been traditionally recognized in mammals: protoplasmic and fibrous astrocytes, residing in the gray and white matter, respectively. However, recent work conducted by Oberheim et al (2009) has revealed a greater diversity and complexity of cortical astrocytes in humans. Human astrocytes were found to be proportionally larger and their processes more elaborate than in rodents. Furthermore, these investigators described a cortical astrocytic subtype unique to man, the 'varicose' astrocyte, which can project a single varicose process across several cortical columns (Oberheim et al, 2009) . The physiology of cortical astrocytes in humans also shows distinctive features, namely propagation of fast intracellular calcium waves (Oberheim et al, 2009) . Despite these recent advances, little is known about the fine morphological features of cortical astrocytes in humans, and nothing in the context of psychiatric disorders. The major aim of this study was to conduct comparative morphometric analyses of protoplasmic and fibrous astrocytes in Golgi-stained postmortem anterior cingulate cortex (ACC) samples from depressed suicides and matched non-psychiatric controls. Our working hypothesis was that astrocytes would show altered features in depressed suicides, in line with the putative disorganization of cortical astrocytic networks in mood disorders.
SUBJECTS AND METHODS

Subjects
This study was approved by the Douglas Hospital Research Ethics Board, and written informed consent from next-ofkin was obtained for each subject. Postmortem brain samples from depressed suicides (n ¼ 10) and matched sudden-death controls (n ¼ 10) were provided by the Quebec Suicide Brain Bank (www.douglasrecherche.qc.ca/ suicide). All psychiatric subjects committed suicide in the context of a major depressive episode (see Table 1 for diagnosis distribution), and controls died suddenly without any psychiatric or neurological illness. For each individual, the cause of death was ascertained by the Quebec Coroner's Office, and psychological autopsies were performed by proxy-based interviews, as described previously (Dumais et al, 2005) . In brief, a trained interviewer conducted the Structured Clinical Interview for DSM-IV Psychiatric Disorders (SCID-I) with one or more informants of the deceased, after which a panel of clinicians reviewed SCID-I assessments, case reports, Coroner's notes, and medical records to obtain consensus psychiatric diagnosis. The subject groups were matched for age (p ¼ 0.97), tissue pH (p ¼ 0.26), tissue storage time (p ¼ 0.71), and postmortem interval (PMI; p ¼ 0.13). Furthermore, the delay between death and refrigeration of the bodies at the morgue was also matched between groups (averages of 8.82 and 10.97 h for depressed suicides and controls, respectively; p ¼ 0.481).
Golgi Impregnation
Formalin-fixed ACC samples (1 cm 3 ) adjacent to the dorsal part of the genu of the corpus callosum (BA24) (Gittins and Harrison, 2004; Vogt et al, 1995) were dissected from the right hemisphere and silver-impregnated according to a modified Golgi protocol described previously (Hercher et al, 2010) . Briefly, tissue blocks were processed separately, in the dark and in constant agitation at room temperature. Samples were first immersed in a solution of 3% K 2 Cr 2 O 7 and 10% formalin for 24 h, followed by 24 h in a fresh solution of 3% K 2 Cr 2 O 7 , then washed in distilled water and in 2% AgNO 3 until the solution ran transparent. Samples were next placed in 2% AgNO 3 for 48 h before being dehydrated through a graded series of ethanol solutions, cleared in xylene, embedded in paraffin, and cut on a microtome into serial 50 mm-thick sections.
Morphometric Analyses
All samples were coded and analyzed randomly by a researcher blinded to subject number and diagnosis. A total of 200 astrocytes were reconstructed and analyzed in this study. For each subject, five protoplasmic astrocytes were analyzed in the gray matter and five fibrous astrocytes in the white matter. Data acquired for each cell population were averaged per subject. Owing to the greater diversity of astrocytic subtypes in the upper cortical layers and the higher density of astrocytes in the lower cortical layers (Miguel-Hidalgo et al, 2000; Oberheim et al, 2009; Oberheim et al, 2006) , protoplasmic astrocytes were selected exclusively from layer VI. When scanning through randomly selected subsets of serial sections, using random observational patterns, the first five astrocytes encountered per layer (ie, layer VI or white matter) that fulfilled the following criteria were selected for analysis: (1) Location of the cell body in lower layer VI or in adjacent white matter, for protoplasmic and fibrous astrocytes, respectively; (2) full impregnation of the cell body and its processes; (3) astrocytic processes unobscured by background staining or by other cells; and (4) characteristic bushy morphology for protoplasmic astrocytes (layer VI) and presence of relatively unbranched processes for fibrous astrocytes (white matter) ( Figure 1 ). In addition, the great majority of selected cells were readily observed to contact blood vessels, a canonical attribute of astrocytes ( Figure 1 ). Astrocytes were traced under a Â 100 (NA 1.40) oil immersion objective (Olympus BX51 light microscope) and their processes were analyzed in three dimensions within single sections by using a computer-based tracing system (Neurolucida v. 8.10.2; MBF Bioscience, Williston, VT) ( Figure 2 ). Only cell bodies were analyzed in two dimensions (area at its largest cross-sectional diameter) because of limitations associated with tracing and measuring Golgistained somas in three dimensions with this software. Thus, for each astrocyte, the cell body area as well as the number, length, diameter, and branching points (nodes) of its processes were measured. We further observed thorny protrusions along the length of processes extended by all protoplasmic and fibrous astrocyte ( Figure 3 ). These structures were similar in appearance to dendritic spines, with an approximate length of 0.5-1.5 mm. The density of these protrusions was also determined for each astrocytic process and expressed as numbers of astrocytic spines per micrometer. In order to further assess the spatial distribution of astrocytic processes, a 3D version of the Sholl analysis (Sholl, 1956 ) was used. In this analysis, a series of increasing 10-mm concentric circles around the soma allowed the quantification of the distribution of each parameter within a given radius, and thus in relation to the cell body.
Statistical Analyses
Statistical analyses were performed by using PASW Statistics 18 (Statistical Product and Service Solutions, Chicago, IL, USA). All measurements were expressed as mean ± SEM and pp0.05 was considered significant in all statistical tests. Normality was assessed by using ShapiroWilk tests and parametric between-subject two-tailed t-tests were applied for normally distributed data sets. Two-tailed U-tests were used for non-normally distributed data. For Sholl analyses, two-way, mixed-design, between-subject (controls/depressed suicides) and within-subject (distance from cell body) ANOVAs were performed. This was followed by simple effects test to determine specific points of statistical significance. Multiple correlation analyses followed by ANCOVAs were used to examine the influence on measured variables of potential confounders. The latter comprised age, PMI, brain pH, tissue storage time, medication use, alcohol dependence, and smoking.
RESULTS
Cell Body Size
No significant difference was found between layer VI protoplasmic astrocytes in controls (110.3±11.5 mm 2 ) and in depressed suicides (134.6±21.1 mm 2 ) ( Figure 4a) . However, the cell body size of white matter fibrous astrocytes was significantly larger in depressed suicides (150.7±11.6 mm 2 ) than in controls (114.5±10 mm 2 ) (t (18) ¼ À2.319, p ¼ 0.032) (Figure 4b ).
Astrocytic Processes
The number of primary processes radiating from the cell body did not differ between depressed suicides and controls for either protoplasmic astrocytes (13.6±0.7 vs 14.7±0.5 processes, respectively) or fibrous astrocytes (19.8 ± 1.0 vs 19.1 ± 1.1 processes, respectively). Similarly, branching of these primary processes was similar between depressed Figure 1 Representative examples of Golgi-stained protoplasmic and fibrous astrocytes in the human ACC. In the gray matter layer VI, protoplasmic astrocytes from a control subject (a) showed a characteristic spherical cell body, with tortuous varicose and thorny processes radiating in all directions. Fibrous astrocyte in the white matter (b) of the same subject presented a more oblong cell body, with relatively long and unramified varicose and thorny processes extended mainly in two opposite directions. Micrographs taken at three different focal points were merged to produce the image in panel b. Processes extended by both astrocytic subtypes were often seen contacting blood vessels (arrows). Scale bar ¼ (a): 10 mm; (b): 25 mm.
suicides and controls in the case of gray matter protoplasmic astrocytes, with very similar numbers of branch ends (33.2±2.2 vs 34.4±2.7 ends, respectively) and nodes (18.6 ± 1.6 vs 18.6 ± 2.3 nodes, respectively) (Figure 5a ). By contrast, white matter fibrous astrocytes showed a highly significant, more than twofold, increase in average number of nodes in depressed suicides as compared with controls (39.8 ± 4.0 vs 18.3 ± 1.9 nodes, respectively) (t (18) ¼ À4.644, p ¼ 0.0002) (Figure 5b ). As expected, the average number of branch ends was also significantly increased in fibrous astrocytes (63.3±4.9 vs 39.0±2.8 ends, respectively) (t (18) ¼ À4.268, p ¼ 0.0004). To evaluate the effect of this increased branching on the length of processes, total branch length was then measured and found to be similar between protoplasmic astrocytes in depressed suicides and controls (697.3 ± 50.0 vs 717.1 ± 59.3 mm, respectively) (Figure 6a ), but significantly increased in fibrous astrocytes of depressed suicides as compared with controls (1557.0±174.0 vs 797.1 ± 129.0 mm, respectively) (t (18) ¼ À3.493, p ¼ 0.002) (Figure 6b ). The average length of processes (total length divided by number of primary processes) projected by protoplasmic astrocytes was consequently similar between depressed suicides and controls (52.3 ± 2.4 vs 49.6 ± 3.8 mm, respectively), but increased significantly for fibrous astrocytes in the former group (80.2 ± 9.3 vs 41.2 ± 5.3 m, respectively) (t (18) ¼ À3.625, p ¼ 0.001). Similarly, the total volume of processes per astrocyte was on average significantly higher in depressed suicides as compared with controls for fibrous astrocytes (1111.8 ± 99.7 vs 576.3 ± 41.8 mm , respectively) (t (18) ¼ À4.953, p ¼ 0.0001) but not for protoplasmic astrocytes (1159.1±235.8 vs 1121.9 ± 400.8 mm 3 , respectively).
Astrocytic Spines
On average, the total number of spines per protoplasmic astrocyte was similar between depressed suicides and Reconstructing processes extended by astrocytes and visualized across the depth of histological sections with the Neurolucida software involved several steps that are summarized here in the case of a BA24 white matter fibrous astrocyte. The image in panel b is a lower magnification of the one shown in panel a. First, the outline of the cell body is traced at its largest cross-sectional diameter to measure its area. For the purpose of this illustration, the soma outline was drawn at different focal points to generate a 3D image. Second, the course of each process was tracked and traced along its full length within the tissue section, as shown by colored segments extended by the cell body (a, b). Color codes were used to identify primary and higher-order branches, and markers (eg, small circles), to label particular features such as astrocytic spines or nodes. The reconstructed cell is shown in (c), with each primary process and its branches coded by a different color. Scale bar ¼ 25 mm. controls (21.8 ± 3.9 vs 22.1 ± 2.7 spines, respectively) ( Figure 7a ), but significantly higher for fibrous astrocytes in depressed suicides (57.3 ± 16.0 vs 20.5 ± 3.8 spines, respectively; p ¼ 0.003) (U (18) ¼ 80, p ¼ 0.023) (Figure 7b ). This likely resulted from the increased process length per cell in the latter group, as supported by the fact that the density of spines borne by astrocytic processes did not differ between groups for protoplasmic astrocytes (0.035±0.006 vs 0.034±0.007 spines per mm) or fibrous astrocytes (0.034 ± 0.008 vs 0.027 ± 0.004 spines per mm) in depressed suicides as compared with controls, respectively.
Sholl Analyses
The following parameters were quantified by Sholl analysis: length and volume of processes, intersections, nodes, and astrocytic spines. As expected from the data presented above, Sholl analyses did not reveal any significant difference in any of these parameters when comparing layer VI protoplasmic astrocytes in depressed suicides and controls (not shown). The measured increase in process length per white matter fibrous astrocyte in depressed suicides was also evidenced by Sholl analysis, in terms of number of intersections, number of nodes, as well as process length. Thus, compared with fibrous astrocytes in controls, increases in process volume and process length ( Figure 8) were highly significant in all radii between 20 and Figure 5 Fibrous astrocytes in BA24 of depressed suicides present significantly more branching points than in controls. The number of nodes made by processes was similar between groups for layer VI protoplasmic astrocytes (a) but more than twice higher in depressed suicides in the case of fibrous astrocytes (b). ***po0.0005.
Figure 6
Fibrous astrocyte projections in BA24 are significantly longer in depressed suicides than in matched controls. The numbers of processes emerging from the cell body were found to be similar between groups for both protoplasmic and fibrous astrocytes (see Results). However, the total length of processes per cell was significantly different between groups in the case of fibrous astrocytes, with a value almost twice as high in depressed suicides than in controls (b). As expected, with an absence of group difference in the number of nodes per cell, total process length was very similar between groups for protoplasmic astrocytes (a). **po0.005. Figure 4 Fibrous astrocytes in BA24 of depressed suicides present a significantly larger cell body area than in controls. Both layer VI protoplasmic (a) and white matter fibrous (b) astrocytes showed a greater cell body area in depressed suicides than in matched controls. However, this increased soma size was significant only in the case of fibrous astrocytes. *po0.05.
50 mm (po0.005). Furthermore, intersections and nodes formed by fibrous astrocytes in depressed suicides were significantly more numerous than in controls between 30 and 50 mm away from the soma (po0.022; Figure 9 ). Finally, more astrocytic spines were generally found between 30 and 50 mm from the fibrous astrocyte soma in depressed suicides as compared with controls (po0.012; Figure 10 ).
Potential Confounders
None of the potential confounders was found to influence any of the measured variables significantly. Taken together, these data reveal that fibrous astrocytes in BA24 white matter present hypertrophic features in depressed suicides as compared with controls ( Figure 11 ).
DISCUSSION
This is the first postmortem study to provide a detailed fine neuroanatomical assessment of cortical astrocytes in both healthy and psychiatric subjects. Morphometric analyses confirmed the complex arborization patterns shown by human protoplasmic and fibrous astrocytes (Oberheim et al, 2009) . Despite clear differences (eg, branching patterns), many similarities were found between these two astrocytic subtypes. One of the common features was the presence, along processes, of protrusions reminiscent of dendritic spines. Thorny processes were recently mentioned as a feature of protoplasmic astrocytes in the human temporal cortex (Oberheim et al, 2009) . Here, we show that thorny processes are also characteristic of fibrous astrocytes, and that their density along processes is similar in both astrocytic subtypes. We currently ignore the functional role of these spines, which, to our knowledge, have never been described in other species, but it is tempting to speculate that they represent specialized postsynaptic structures analogous to dendritic spines. Future work using electron microscopy will be required to gain a better understanding of their ultrastructural features and microenvironment.
A major finding of this study arose from the comparison of BA24 astrocytes in depressed suicides and matched Figure 7 Astrocytic spines in fibrous astrocytes are significantly increased in depressed suicides owing to the increase in process length per cell. The density of spines per process length was similar for both astrocytic subtypes and did not present any group differences (see Results). In relation to total process length per cell, however, the total number of spines per cell was significantly higher in depressed suicides as compared with controls in the case of fibrous (b) but not protoplasmic astrocytes (a). *po0.05. Figure 8 Sholl analysis of intersections made by processes of fibrous astrocytes. Sholl analysis confirmed that process length and branching pattern of fibrous astrocytes are more elaborate in depressed suicides than in controls, with increased intersections being found within almost all concentric radii between 20 and 50 mm around the cell body. **po0.005, ***po0.0005. Figure 9 Sholl analysis of branching points shown by fibrous astrocytic processes. Sholl analysis revealed that the higher number of nodes shown by fibrous astrocytes in depressed suicides as compared with controls was mainly localized at 30, 40, and 50 mm away from the cell body. *po0.05, ***po0.0005.
controls. Although the morphometric features of protoplasmic astrocytes were in all points comparable between groups, fibrous astrocytes were found to be larger and to extend longer and more ramified processes in depressed suicides (Figure 11 ). These results further highlight the distinctiveness of astrocytic subtypes within the same cortical region, and suggest that a morphological remodeling may occur in fibrous astrocytes independently of adjacent gray matter protoplasmic astrocytes. Importantly, this is the first report of selective cellular changes occurring in the white matter in depression. Alterations in the ACC white matter circuitry are likely to impact on communication between this cortical area and other intimately associated brain regions implicated in depression, such as the amygdala and the prefrontal cortex (Allman et al, 2001; Vogt et al, 1995) .
The cortical area investigated here was described previously by our group to show similar Nissl-stained (upper and lower cortical) glial densities in young adult depressed suicides as compared with controls (Hercher et al, 2009b) . Interestingly, in an elegant quantitative analysis published by Miguel-Hidalgo et al (2000) , the packing density and areal fraction occupied by GFAPimmunoreactive astrocytes in the dorsolateral prefrontal cortex were found to differ between MDD subjects and matched controls, but only when younger (30-45 years old) and older (46-86 years old) subjects were considered independently. A subsequent study by the same group showed a strongly significant positive correlation between GFAP protein levels and age at time of death in depressed subjects (Si et al, 2004) . Furthermore, GFAP protein levels were also found to be positively correlated with the areal fraction occupied by GFAP-immunoreactivity in BA9 (Si et al, 2004) . The results of the present study, showing similar anatomical features between BA24 protoplasmic astrocytes in middle-aged depressed suicides and matched controls, suggest that if alterations in GFAP expression also occur in this region in depressed suicides, they are not accompanied by morphological changes. However, this does not preclude the possibility that astrocytic function and signaling are affected in depression and suicide, as suggested previously (Ernst et al, 2009 (Ernst et al, , 2011 MiguelHidalgo et al, 2000 MiguelHidalgo et al, , 2010 Si et al, 2004) .
It can be hypothesized that the hypertrophic fibrous astrocytes described here in depressed suicides reflect local inflammation in the white matter. Strong lines of evidence support the neuroinflammatory theory of depression (Maes et al, 2009 ). In particular, it has been well documented that patients suffering from depression have significantly higher levels of circulating pro-inflammatory cytokines (Miller et al, 2009) , and that administration of interferon-a leads to depressive-like symptoms (Malaguarnera et al, 1998 ; reviewed by Horsmans, 2006) that are accompanied by increased ACC activation (Capuron et al, 2005) . Expression of brain cytokines seems altered in suicides (Tonelli et al, 2008) , and pro-inflammatory cytokines have been implicated in the development of stress-induced depressive symptoms (Audet et al, 2010; Goshen et al, 2008) . The differences between cortical gray and white matter astrocytes highlighted in the present study need to be explored further, but may have to do with an increased facility of cytokines to diffuse within the brain along white matter tracts (Konsman et al, 2000) . Interestingly, white matter hyper-intensities (WMHs) (Debette and Markus, 2010) , which are thought to represent regions of acute astrocyte activation (Simpson et al, 2007) or astrogliosis (Fazekas et al, 1993) , increase the risk of developing MDD (Bae et al, 2006; de Groot et al, 2000; Iosifescu et al, 2007; Li et al, 2007;  reviewed by Tham et al, 2010) and are strongly associated with suicide (Grangeon et al, 2010) . WMHs, have been proposed to arise from inflammation and oxidative stress (Wright et al, 2009; Xu et al, 2010 ; reviewed by Rosenberg, 2009 ) both of which are well documented to be increased in depression (Maes, 2008; Miller et al, 2009) .
When interpreting the results of this study, two particular limitations need to be kept in mind. First, given that the Figure 10 Sholl analysis of spine numbers shown by fibrous astrocytic processes. Sholl analysis revealed that the higher number of spines shown by fibrous astrocytes in depressed suicides compared with controls was mainly localized between 30 and 60 mm away from the cell body. ***po0.0005. Figure 11 Fibrous astrocytes are hypertrophic in BA24 white matter of depressed suicides. 3D reconstructions of representative BA24 fibrous astrocytes in controls and depressed suicides. As illustrated, fibrous astrocytes in the latter group show larger cell bodies and increased branching and length of their processes. Scale bar ¼ 25 mm.
reconstruction and morphometric analysis of each astrocyte constituted a lengthy and labor-intensive process, the sample size was relatively modest (20 subjects, 200 cells). Multiple correlation analyses followed by ANCOVAs were performed to evaluate the influence on measured variables of potential confounders such as alcohol dependence, smoking, and medication. Although none of these factors were found to influence any of the variables significantly, it is acknowledged that the statistical power to detect such confounders was somewhat limited owing to sample size. Nevertheless, the specificity and statistical significance of the findings are reassuring. Second, we cannot establish whether our observations are due to depression, suicide, or to a combination both. Future work could clarify this issue by including samples from non-depressed suicides and depressed non-suicides.
In summary, this first morphometric characterization of human cortical gray and white matter astrocytes shows unexpected features such as spines, found along processes extended by both protoplasmic and fibrous astrocytes. It also reveals highly significant morphological changes displayed by BA24 white matter fibrous astrocytes in depressed suicides as compared with controls. These changes, which were not found in adjacent layer VI protoplasmic astrocytes, consisted of larger cell bodies as well as longer and more ramified processes. Taken together, these results suggest significant differences between ACC cortical gray and white matter astrocytic activation that may reflect a state of chronic inflammation affecting the white matter compartment of this limbic region in depression and suicide.
